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OSCILLATTQN CIRCUIT 

EIELD OF THFi INVENTION 

The present invention relates to an oscillation circuit and, 
more particularly, to an oscillation circuit to be used in a PLL 
circuit that is required in a digital recording/playback 
apparatus or the like, and is available in a wide frequency band. 
BACKGROUND OF THE INVENTION 

A conventional oscillation circuit employs, as delay 
circuits, inverter circuits in which PMOS transistors and NMOS 
transistors for restricting current values to a power supply side 
and a GND side are inserted so that a delay time can be 
controlled by a control voltage, and the delay circuits are 
cascade-connected in a ring shape (please refer to "CMOS analog 
circuit design technique", supervised by Atsushi Iwata, edited by 
the planning department of TRICEPS Co. Ltd.) . 

Hereinafter, the construction and operation of a 
conventional oscillation circuit will be described with reference 
to figures 12 to 17. Figure 12 is a diagram illustrating an 
example of a circuit structure of a conventional oscillation 
circuit. 

With reference to figure 12, the conventional oscillation 
circuit is constituted by constant current supplies comprising 
PMOS transistors that are controlled by a voltage supplied from a 
current control terminal 2, and switching elements comprising 
NMOS transistors that are charged by a constant current outputted 



from the constant current supply and are turned on when exceeding 
a threshold voltage. In the conventional oscillation circuit, 
the magnitude of the constant current is changed by changing the 
voltage supplied from the current control terminal 2, thereby to 
change the length of a period during which the switching elements 
are charged up to the threshold vol lay e, and thus an oscillation 
cycle T is changed. 

Hereinafter, the construction of the oscillation circuit 
will be described in more detail. In figure 12, MP1, MP2, and 
MP3 are PMOS transistors, and MN1 , MN2, and MN3 are NMOS 
transistors. The gates of the PMOS transistors MP1, MP2, and MP3 
are connected to the current control terminal 2, and the sources 
thereof are connected to the power supply, and further, Lhe 
sources of the NMOS transistors MN1, MN2, and MN3 are connected 
to the GND. The drain of the NMOS transistor MN1 is connected to 
the drain of the PMOS transistor MPl at a node Al, thereby 
constituting a first delay circuit having the gate input of the 
NMOS transistor MN1 as its input and the node Al as its output. 
Likewise, the PMOS transistor MP 2 and the NMOS transistor MN2 
constitute a second delay circuit, and the PMOS transistor MP 3 
and the NMOS transistor MN3 constitute a third delay circuit. 

The first to third delay circuits are cascade-connected so 
that the output Al of the first delay circuit is connected to the 
input of the second delay circuit, the output A2 of the second 
delay circuit is connected to the input of the third delay 



circuit, and the output A3 of the third delay circuit is 
connected to the input of the first delay circuit. 

The operation of the conventional oscillation circuit 
constituted as described above will be described with reference 
to timing charts shown in figure 13. Figure 13 is a diagram 
illustrating operation timing charts of the nodes Al, A2, and A3 
in the conventional oscillation circuit shown in figure 12. In 
figure 13, alternate long and short dashed lines indicate 
threshold voltages of the NMOS transistors MN1, MN2, and MN3 . 

Initially, the PMOS transistors MP1, MP2, and MP 3 as 
constant current supplies pass a constant current according to 
the voltage supplied from the current control terminal 2. For 
simplification, it is assumed that the oscillation circuit is in 
its ideal state where the transition time in which the voltages 
at the respective nodes Al, A2, and A3 change from the power 
supply voltage to the threshold voltages of the MN1, MN2, and MN3 
or below is zero. 

As shown in figure 13, since, at time tl, the voltage at the 
node Al exceeds the threshold voltage of the NMOS transistor MN2, 
the NMOS transistor MN2 is turned on, and the voltage at the node 
A2 becomes equal to or lower than the threshold voltage at the 
turn-on of the NMOS transistor MN2 • Then, the NMOS transistor 
MN3 is turned off when the voltage at the node A2 becomes equal 
to or lower than the threshold voltage, and charging of the node 
A3 by the constant current outputted from the PMOS transistor MP3 
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is started. 

In a period from t2 to t3, the node A3 is charged by the 
constant current outputted from the PMOS transistor MP 3 
continuously from the previous period (tl to t2) . Since, at time 
t2 that is the starting point of this period, the voltage at the 
node A3 exceeds the threshold voltage of the NMOS transistor MN1, 
the NMOS transistor MN1 is turned on, and the voltage at the node 
Al becomes equal to or lower than the threshold voltage at the 
turn-on of the NMOS transistor MN1 . Then, the NMOS transistor 
MN2 is turned off when the voltage at the node Al becomes equal 
to or lower than the threshold voltage, and charging of the node 
A2 by the constant current outputted from the PMOS transistor MP2 
is started. 

During a period from t3 to t4, the node A2 is charged by the 
constant current outputted from the PMOS transistor MP2, 
continuously from the previous period (t2 to t3) . Since, at time 
t3 that is the starting point of this period, the voltage at the 
node A2 exceeds the threshold voltage of the NMOS transistor MN3, 
the NMOS transistor is turned on, and the voltage at the node A3 
becomes equal to or lower than the threshold voltage at the turn- 
on of the NMOS transistor MN3 . Since the NMOS transistor MN1 is 
turned off when the voltage of the node A3 becomes equal to or 
lower than the threshold voltage, charging of the node Al by the 
constant current outputted from the PMOS transistor MP1 is 
started. Thereafter, the operation performed during the period 



from tl to t4 is repeated, whereby the oscillation circuit 
oscillates at a cycle T. 

In this way, the oscillation cycle T is equal to a period 
obtained by summing the respective periods during which the 
respective NMOS transistors MN1, MN2, and MN3 are charged by the 
constant currents outpuLLed from the respective PMOS transistors 
MP1, MP2, and MP3 according to the voltage supplied from the 
current control terminal 2, and exceed the threshold voltage. 

Accordingly, when the voltage supplied from the current 
control terminal 2 is changed to change the constant currents 
outputted from the respective PMOS transistor MP1, MP2, and MP3, 
the lengths of the respective periods (tl~t2, t2~t3, t3~t4) 
until the respective NMOS transistors MN1, MN2, and MN3 are 
charged to the threshold voltage can be changed, whereby the 
oscillation cycle T as the total of these periods can be changed. 

In figure 13, "V" is a charging target voltage to which the 
nodes Al to A3 between the constant current supplies MP1 to MP 3 
and the switching elements MN1 to MN3 should be charged by the 
constant current outputted from the constant current supplies MP1, 
MP2, and MP3, respectively, and this charging target voltage V 
changes depending on the oscillation cycle T. Figure 15 is a 
diagram illustrat ing the oscillation characteristics of the 
conventional oscillation circuit in its ideal state. In figure 
15, the abscissa shows the constant current flowing through the 
PMOS transistors MP1, MP2, and MP3, and the ordinate shows the 
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oscillation frequency that is the reciprocal of the oscillation 
cycle T\ As shown in figure 15, when the oscillation cycle T is 
long, the charging target voltage Vis lowered because the 
constant current for charging the respective nodes is small. 
Conversely, when the oscillation cycle T is short, the charging 
target voltage V is high because the constant current is large. 

In the above description for the operation, the transition 
time during which the voltages at the respective nodes Al, A2, 
and A3 change from the charging target voltage V to the threshold 
voltage is zero, and the voltages at the respective nodes Al, A2, 
and A3 becomes equal to or lower than the threshold voltage when 
the NMOS transistors MN1, MN2, and MN3 are turned on, However, 
there is actually required a transition time during which the 
voltages at the respective nodes Al, A2, and A3 change from the 
charging target voltage V to the threshold voltage or below, as 
shown in figure 14, Figure 14 is a diagram illustrating an 
operation timing chart at the node A3 that is obtained when the 
transition time during which the voltages at the node Al, A2, or 
A3 change from the charging target voltage to the threshold 
voltage or below is considered. In figure 14, "AT" is a time 
required for the voltage at the node A3 to change from the 
charging target vollage V to the threshold voltage of the NMOS 
transistor MN1 or below. That is, in the ideal state shown in 
figure 13, at time t3, the NMOS transistor NM3 is turned on and, 
simultaneously, the voltage at the node A3 becomes equal to or 
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lower than the threshold voltage, and charging of the node Al by 
the constant current outputted from the PMOS transistor MP1 is 
started. Actually, as shown in figure 14, the NMOS transistor 
MN3 is turned on at time t3, and the voltage of the node A3, 
which is at the charging target voltage V, starts to be lowered 
from the turn-on of the nmos transistor MN3 . At time t3 • when 
the transition time AT has passed from time t3, the voltage at 
the node A3 becomes equal to or lower than the threshold voltage 
of the NMOS transistor MN1. Since, the NMOS transistor MN1 is 
turned off when the voltage at the node A3 becomes equal to or 
lower than the threshold voltage, charging of the node Al by the 
constant current outputted from the PMOS transistor MP1 is 
started from time t3'. 

Accordingly, the actual oscillation cycle T' is expressed by 
T' = (period from tl to t2 + AT) + (period from L2 to t3 + At) 
+ (period from t3 to t4 + AT) 

Therefore, in contrast to the ideal oscillation cycle T that 
is obtained without considering the transition time At during 
which the respective nodes Al to A2 change from the charging 
target voltage V to the threshold voltage or below, the actual 
oscillation cycle T' is 

T' « T + 3 * AT 
As described above, the transition time AT is the time 
required until the voltages at the respective nodes Al, A2, and 
A3 change from the charging target voltage V to the threshold 
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voltage of the NMOS transistors MN1, MN2, and MN3 or below. As 
shown in figure 16, when the oscillation cycle Tl is short, the 
charging target voltage VI is high, and the transition time ATI 
becomes long. Conversely, when the oscillation cycle T2 is long, 
the charging target voltage V2 is low, and the transition time A 
T2 becomes short. 

Accordingly, in the conventional oscillation circuit, when 
the transition time AT is considered, the transition time AT 
changes depending on the oscillation cycle T, and the oscillation 
cycle T changes depending on the constant current flowing through 
the PMOS transistors MP1, MP2, and MP3, and therefore, the 
linearity of the oscillation frequency against the constant 
current is deteriorated as shown in figure 17. 

As described above, in the conventional oscillation circuit, 
the charging target voltage V changes when the oscillation cycle 
T is changed, and therefore, the transition time At during which 
the voltages at the respective nodes Al to A3 change from the 
charging target voltage V to the threshold voltage undesirably 
changes depending on the oscillation cycle T . Since this 
osciiiation cycle T depends on the constant current that is 
output from the PMOS transistors as constant current supplies, as 
the linearity of the oscillation frequency against the constant 
current is deteriorated as shown in figure 17. 

SUMMARY OF THE! TNVF.MTTQ^J 

The present invention is made to solve the above-described 
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problems and has for its object to provide an oscillation circuit 
which has an improved linearity of the oscillation frequency 
against the constant current and has a broad oscillation 
frequency range, by making the charging target voltage v at each 
node constant regardless of the oscillation frequency T. 

Other object and advantages of the invention will become 
apparent from the detailed description that follows. The 
detailed description and specific embodiments described are 
provided only for illustration since various additions and 
modifications within the scope of the invention will be apparent 
to those of skill in the art from the detailed description. 

According to a first aspect of the present invention, there 
is provided an oscillation circuit comprising a plurality of 
constant current supplies for outputting a constant current 
according to a voltage supplied from a control current terminal, 
and a plurality of switching elements which are charged or 
discharged by the constant current outputted from the constant 
current supplies and are turned on or off when exceeding a 
predetermined threshold voltage, wherein the voltage from the 
control current terminal is changed to change a time required 
until the switching elements are. charged or discharged to the 
threshold voltage, thereby changing an oscillation cycle, and the 
oscillation circuit further include restriction elements of 
restricting a charging target voltage or a discharging target 
voltage at nodes between the constant current supplies and the 



switching elements to a constant value. Therefore, it is 
possible to keep the charging target voltage or the discharging 
target voltage at the node between the constant current supply 
and the switching element constant regardless of the oscillation 
frequency, thereby providing an oscillation circuit that can 
maintain linear oscillation characteristics even when the 
oscillation frequency range is increased. 

According to a second aspect of the present invention, in 
the oscillation circuit according to the first aspect, the 
restriction elements comprise NMOS transistors or PMOS 
transistors. Therefore, restriction of the charging target 
voltage or the discharging target voltage at the node between the 
constant current supply and the switching element to a constant 
value regardless of the oscillation frequency can be realized 
with efficiency, without increasing the circuit scale. 

According to a third aspect of the present invention, in the 
oscillation circui.t according to the first aspect, the 
restriction elements comprise at least one resistor. Therefore, 
restriction of the charging target voltage or the discharging 
target voltage at the node between the constant current supply 
and the switching element to a constant value regardless of the 
oscillation frequency can be realized without increasing the 
circuit scale. 

According to a fourth aspect of the present invention, there 
is provided an oscillation circuit comprising: a first delay 



circuit in which a drain of a PMOS transistor MP1 having a 
current control terminal as its gate input and a power supply as 
its source input is connected to a drain of an NMOS transistor 
MN4, a gate input of the NMOS transistor MN4 is connected to the . 
power supply, a source of the NMOS transistor MN4 and a drain of 
the NMOS transistor MN1 are connected at a node Al, and a source 
of the NMOS transistor MN1 is connected to a GND, said first 
delay circuit having a gate input of the NMOS transistor MNl as 
its input and the node Al as its output; a second delay circuit 
in which a drain of a PMOS transistor MP2 having the current 
control terminal as its gate input and the power supply as its 
source input is connected to a drain of an NMOS transistor MN5, a 
gate input of the nmos transistor MN5 is connected to the power 
supply, a source of the NMOS transistor MN5 and a drain of the 
NMOS transistor MN2 are connected at a node A2, and a source of 
the NMOS transistor MN2 is connected to a GND, said second delay 
circuit having a gate input of the NMOS transistor MN2 as its 
input and the node A2 as its output; and a third delay circuit in 
which a drain of a PMOS transistor MN3 having the current control 
terminal as its gate input and the power supply as its source 
input is connected to a drain of an NMOS transistor MN6, a gate 
input of the NMOS transistor MN6 is connected to the power supply, 
a source of the NMOS transistor MN6 and the drain of the NMOS 
transistor MN3 are connected at a node A3, and a source of the 
NMOS transistor MN3 is connected to a GND, said third delay 
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circuit having a gate input of the NMOS transistor HN3 as its 
input and the node A3 as its output; and the first to Lhird delay 
circuits are cascade-connected so that the output Al of the first 
delay circuit is connected to the input of the second delay 
circuit, the output A2 of the second delay circuit is connected 
to the input of the third delay circuit, and the output A3 of the 
third delay circuit is connected to the input of the first delay 
circuit. Therefore, the possible upper-limit voltage of the 
nodes Al , A2, and A3 is restricted to a voltage that is lower 
than the power supply voltage by the threshold voltage Vt of the 
NMOS transistors MN4, MN5, and MN6, by the NMOS transistor MN4, 
MN5, and MN6 whose gate inputs are fixed to the power supply, 
whereby the charging target voltage of the nodes Al, A2, and A3 
can be restricted/ resulting in an oscillation circuit having 
linear oscillation charac teris Lies even when the oscillation 
frequency range is increased. 

According to a fifth aspect of the present invention, in the 
oscillation circuit according to the fourth aspect, the gate 
inputs of the NMOS transistors MN4, MN5, and MN6 are fixed to an 
arbitrary constant voltage ♦ Therefore, the possible upper-limit 
voltage of the nodes Al, A2, and A3 is restricted to a voltage 
that is lower than the arbitrary constant voltage by the 
threshold voltage Vt of the NMOS transistors MN4, MN5, and MN6, 
by the NMOS transistor MN4, MN5, and MN6 whose gate inputs are 
fixed to the arbitrary constant voltage, whereby the charging 



13 



target voltage of the nodes Al, A2, and A3 can be restricted, 
resulting in an oscillation circuit having linear oscillation 
character i st.i c.s even when the oscillation frequency range is 
increased . 

According to a sixth aspect of the present invention, there 
is provided an oscillation circuit comprising: a first delay 
circuit in which a drain of an NMOS transistor MNl having a 
current control terminal as its gate input and a GND as its 
source input is connected to a drain of a PMOS transistor MP4, a 
gate input of the PMOS transistor MP4 is connected to the GND, a 
source of the PMOS transistor MP4 and a drain of the PMOS 
transistor MP1 are connected at a node Al, and a source of the 
PMOS transistor MP1 is connected to a power supply, said first 
delay circuit having a gate input of the PMOS transistor MP1 as 
its input and the node Al as its output; a second delay circuit 
in which a drain of an NMOS transistor MN2 having the current 
control terminal as its gate input and the GND as its source 
input is connected to a drain of a PMOS transistor MP5, a gate 
input of the PMOS transistor MPS is connected to the GND, a 
source of the PMOS transistor MP 5 and a drain of the PMOS 
transistor MP2 are connected at a node A2, and a source of the 
PMOS transistor MP2 is connected to a power supply, said second 
delay circuit having a gate input of the PMOS transistor MP2 as 
its input and the node A2 as its output/ and a third delay 
circuit in which a drain of an NMOS transistor MN3 having the 



current control terminal as its gate input and the GND as its 
source input is connected to a drain of a PMOS transistor MP6, a 
gate input of the PMOS transistor MP6 is connected to the GND, a 
source of the PMOS transistor MP 6 and the drain of the PMOS 
transistor MP 3 are connected at a node A3, and a source of the 
PMOS transistor MP 3 is connected to a power supply, said third 
delay circuit having a gate input of the PMOS transistor MP3 as 
its input and the node A3 as its output; and the first to third 
delay circuits are cascade-connected so that the output Al of the 
first delay circuit is connected to the input of the second delay 
circuit, the output A2 of the second delay circuit is connected 
to the input of the third delay circuit, and the output A3 of the 
third delay circuit is connected to the input of the first delay 
circuit. Therefore, the possible lower-limit voltage of the 
nodes Al, A2, and A3 is restricted to a voltage that is higher 
than the GND by the threshold voltage Vt of the PMOS transistors 
MP4, MP5, and MP6, by the PMOS transistor MP4, MP5, and MP6 whose 
gate inputs are fixed to the GND, whereby the discharging target 
voltage of the nodes Al, A2, and A3 can be restricted, resulting 
in an oscillation circuit having linear oscillation 
characteristics even when the oscillation frequency range is 
increased. 

According to a seventh aspect of the present invention, in 
the oscillation circuit according to the sixth aspect, the gate 
inputs of the PMOS transistors MP4, MP5, and MP 6 are an arbitrary 
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constant voltage- Therefore, the possible lower-limit voltage of 
the nodes Al, A2, and A3 is restricted to a voltage that is 
higher than the arbitrary constant voltage by the threshold 
voltage Vt of the PMOS transistors MP4, MPS, and MP 6, by the PMOS 
transistor MP4, MPS, and MP 6 whose gate inputs are fixed to the 
arbitrary constant voltage, whereby the discharging target 
voltage of the nodes Al , A2, and A3 can be restricted, resulting 
in an oscillation circuit having linear oscillation 
characteristics even when the oscillation frequency range is 
increased. 

According to an eighth aspect of the present invention, 
there is provided an oscillation circuit comprising: a first 
delay circuit in which a drain of a PMOS transistor MP1 having a 
current control terminal as its gate input and a power supply as 
its source input is connected to a drain of an NMOS transistor 
MN13, a drain of a PMOS transistor MP 2 having the current control 
terminal as its gate input and the power supply as its source 
input is connected to a drain of an NMOS transistor MN14, gate 
inputs of the NMOS transistors MN13 and MN14 are connected to the 
power supply, a source of the NMOS transistor MN13 and drains of 
NMOS transistors MN1 and MN2 are connected at a node Al, and a 
source of the NMOS transistor MN14 and drains of NMOS transistor 
MN4 and MN3 are connected at a node A2, and the sources of the 
NMOS transistors MN1, MN2, MN3, and MN4 arc connected to a GND, 
said first delay circuit having a gate input of the NMOS 



16 



transistor MNl as its positive side input, the gate input of the 
NMOS transistor MN4 as its negative side input, the node Al as 
its negative side output, and the node A2 as its positive side 
output; a second delay circuit in which a drain of a PMOS 
transistor MP3 having the current control terminal as its gate 
input and the power supply as its source input is connected to a 
drain of an NMOS transistor MN15, a drain of a PMOS transistor 
MP4 having the current control terminal as its gate input and the 
power supply as its source input is connected to a drain of an 
NMOS transistor MNl 6, gate inputs ^of the NMOS transistors MN15 
and MNl 6 are connected to the power supply, a source of the NMOS 
transistor MNl 5 and drains of NMOS transistors MNS and MN6 are 
connected at a node A3, a source of the NMOS transistor MN1G and 
drains of NMOS transistor MN7 and MN8 are connected at a node A4, 
and the sources of the NMOS transistors MNS, MN6, MN7, and MN8 
are connected to a GND, said second delay circuit having the gate 
input of the NMOS transistor MN5 as its positive side input, the 
gate input of the NMOS transistor MN8 as its negative side input, 
the node A3 as its negative side output, and the node A4 as its 
positive side output; and a third delay circuit in which a drain 
of a PMOS transistor MPS having the current control terminal as 
its gate input and the power supply as its source input is 
connected to a drain of an NMOS transistor MN17, a drain of a 
PMOS transistor MP 6 having the current control terminal as its 
gate input and the power supply as its source input is connected 



to a drain of an NMOS transistor MN18, gate inputs of the NMOS 
transistors MN17 and MN18 are connected to the power supply, a 
source of the NMOS transistor MN17 and drains of NMOS transistors 
MN9 and MN10 are connected at a node A5, a source of the NMOS 
transistor MN18 and drains of NMOS transistor MN11 and MN12 are 
connected at a node A6, and the sources of the NMOS transistors 
MN9, MN10, MN11, and MN12 are connected to a GND, said third 
delay circuit having the gate input of the NMOS transistor MN9 as 
its positive side input, the gate input of the NMOS transistor 
MN12 as its negative side input/ the node A5 as its negative side 
output, and the node A6 as its positive side output; and the 
first to third delay circuits being cascade-connected such that 
the negative side output Al of the first delay circuit is 
connected to the positive side input of the second delay circuit, 
and the positive side output A2 of the first delay circuit is 
connected to the negative side input of the second delay circuit, 
the negative side output A3 of the second delay circuit is 
connected to the positive side input of the third delay circuit, 
and the positive side output A4 of the second delay circuit is 
connected to the negative side input of the third delay circuit, 
and the negative side output A5 of the third delay circuit is 
connected to the positive side, input of the first delay circuit, 
and the positive side output A6 of the. third delay circuit is 
connected to the negative side input of the first delay circuit. 
Therefore, the possible upper-limit voltage of the nodes Al, A2, 
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A3, A4, A5, and A6 is restricted to a voltage that is lower than 
the power supply voltage by the threshold voltage Vt of the NMOS 
transistors MN13, MN14, MN15, MN16, MN17, and MN18, by the NMOS 
transistor MN13, MN14, MN15, MN16, MN17, and MN18 whose gate 
inputs are fixed to the power supply, whereby the charging target 
voltage of the nodes Al, A2, A3, A4, A5, and A6 can be restricted, 
resulting in an oscillation circuit having linear oscillation 
characteristics even when the oscillation frequency range is 
increased. 

According to a ninth aspect of the present invention, in the 
oscillation circuit according to the eighth aspect, the gate 
inputs of the NMOS transistors MN13, MN14, MN15, MN16, MN17, and 
MN18 are an arbitrary constant voltage. Therefore, the possible 
upper-limit voltage of the nodes Al, A2, A3, A4, A5, and A6 is 
restricted to a voltage that is lower than the arbitrary constant 
voltage by the threshold voltage Vt of the NMOS transistors MN13, 
MN14, MN15, MN16, MN17, and MN18, by the NMOS transistor MN13, 
MN14, MN15, MN16, MN17, and MN18 whose gate inputs are fixed to 
the arbitrary constant voltage, whereby the charging target 
voltage of the nodes Al, A2, A3, A4, A5, and A6 can be restricted, 
resulting in an oscillation circuit having linear oscillation 
characteristics even when the oscillation frequency range is 
increased. 

According to a tenth aspect of the present invention, in the 
oscillation circuit according to any of the fourth to ninth 
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aspects, the number of the delay circuits to be cascade-connected 
is N (N: integer equal to or larger than 2). Therefore, the 
charging target voltage or the discharging target voltage at the 
node can be restricted by the constant current regardless of the 
number of stages of the delay circuits/ thereby providing an 
oscillation circuit having linear oscillation characteristics 
even when the oscillation frequency range is increased. 

BRIEF DESCRIPTION OF TTTF TOAWTWflfi 

Figure 1 is a diagram illustrating an oscillation circuit 
according to a first embodiment of the present invention. 

Figure 2 is a timing chart illustrating the operation of the 
oscillation circuit of the first embodiment in its ideal state. 

Figure 3 is a timing chart illustrating the actual operation 
of the oscillation circuit according to the first embodiment. 

Figure 4 is a diagram illustrating the oscillation 
characteristics of the oscillation circuit according to the first 
embodiment - 

Figure 5 is a diagram illustrating another construction of 
the oscillation circuit according to the first embodiment. 

Figure 6 is a diagram illustrating another construction of 
the oscillation circuit according to the first embodiment. 

Figure 7 is a diagram illustrating an oscillation circuit 
according to a second embodiment of the present invention. 

Figure 8 is a timing chart illustrating the operation of the 
oscillation circuit of the second embodiment in its ideal state. 
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Figure 9 is a timing chart illustrating the actual operation 
of the oscillation circuit according to the second embodiment. 

Figure 10 is a diagram illustrating an oscillation circuit 
according to a third embodiment of the present invention. 

Figure 11 is a timing chart illustrating the operation of 
the oscillation circuit of the third embodiment in its ideal 
state. 

Figure 12 is a diagram illustrating an example of a 
conventional oscillation circuit. 

Figure 13 is a timing chart illustrating the operation of 
the conventional oscillation circuit in its ideal state. 

Figure 14 is a timing chart illustrating the actual 
operation of the conventional oscillation circuit* 

Figure 15 is a diagram illustrating the oscillation 
characteristics of the conventional oscillation circuit in its 
ideal state. 

Figure 16 is a diagram illustrating charging target voltages 
VI and V2 and transition times ATI and A T2 when oscillation 
cycles of the conventional oscillation circuit are Tl and T2, 
respectively. 

Figure 17 is a diagram illustrating the actual oscillation 
characteristics of the conventional oscillation circuit. 
DETAILED D ESCRIPTION OF THE EBEEERRED EMBQDIHEMIS 
[Embodiment 1] 

Hereinafter, a first embodiment of the present invention 
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will be described with reference to figures 1 to 4 . 

Initially, the construction of an oscillation circuit 
according to the first embodiment will be described with 
reference to figure 1. Figure 1 is a diagram illustrating the 
circuit structure of the oscillation circuit according to the 
f i rst embodi ment. 

As shown in figure 1, the oscillation circuit according to 
the first embodiment is constituted by a constant current supply 
comprising PMOS transistors MP1, MP2, and MP3 which are 
controlled by a voltage supplied from a current control terminal 
2, and a switching element comprising NMOS transistors which are 
charged by the constant current outputted from the constant 
current supplies and are turned on when exceeding a threshold 
voltage. In the oscillation circuit so constructed, the length 
of a period during which the switching elements are charged up to 
the threshold voltage is changed by changing the voltage supplied 
from the current control terminal 2, thereby to change the 
oscillation cycle T of the oscillation circuit, and a restriction 
element for restricting the charging target voltage based on the 
constant current outputted from the constant current supply to a 
constant value regardless of the oscillation cycle T is provided 
between each constant current supply and each switching element. 

Hereinafter, the construction of the oscillation circuit 
will be described in detail- In the oscillation circuit 
according to the first embodiment, the drain of the PMOS 



transistor MP1 having the current control terminal 2 as its gate 
input and the power supply as its source input is connected to 
the drain of the NMOS transistor MN4 that is a restriction 
element, the gate input of the NMOS transistor MN4 is connected 
to the power supply, the source of the NMOS transistor MN4 and 
the drain of the NMOS transistor MN1 as a switching element are 
connected at a node Al, and the source of the NMOS transistor MN1 
is connected to the GND, thereby constituting a first delay 
circuit having the gate input of the NMOS transistor MN1 as its 
input and the node Al as its output- Likewise, the PMOS 
transistor MP2 that is a constant current supply having the 
current control terminal 2 as its gate input and the power supply 
as its source input, the NMOS transistor MN2 as a switching 
element, and an NMOS transistor MN5 as a restriction element for 
restricting the charging target voltage based on the constant 
current outputted from the constant current supply, are connected, 
thereby constituting a second delay circuit having the gate input 
of the NMOS transistor MN2 as its input and the node Al 
connecting the source of the NMOS transistor MN5 and the drain of 
the NMOS transistor MN2 as its output. Further, the PMOS 
transistor MP3 as a constant current supply, the NMOS transistor 
MN3 as a switching element, and an NMOS transistor MN6 as a 
restriction circuit are connected in like manner, thereby 
constituting a third delay circuit having the gate input of the 
NMOS transistor MN3 as its input, and the node A3 connecting the 
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source of the NMOS transistor MN6 and the drain of the NMOS 
transistor MN3 as its output . 

Then, the first to third delay circuits are cascade- 
connected so that the output Al of the first delay circuit is 
connected to the input of the second delay circuit, the output A2 
of the second delay circuit is connected to the input of the 
third delay circuit, and the output A3 of the third delay circuit 
is connected to the input of the first delay circuit. 

Hereinafter, the operation of the oscillation circuit 
constructed as described above will be described with reference 
to timing charts shown in figure 2. Figure 2 shows operation 
timing charts at the nodes Al, A2, and A3 of the oscillation 
circuit according to the first embodiment • in figure 2, 
alternate long and short dashed lines indicate the threshold 
voltages of the NMOS transisLurs MN1, MN2, and MN3 . 

Initially, the PMOS transistor MPl, MP2, and MP 3 as constant 
current supplies pass a constant current according to the voltage 
supplied from the current control terminal 2. In the following 
description, for simplification, it is assumed that the 
oscillation circuit is in its ideal state where the time required 
for the respective nodes Al, A2, and A3 to change to the 
threshold voltages of the NMOS transistors MN1, MN2, and MN3 
after the NMOS transistors MN1, NM2, and NM3 as switching 
elements are turned on. 

As shown in figure 2, since, at time tl, the voltage at the 



24 



node Al exceeds the threshold voltage of the NMOS transistor MN2, 
the NMOS transistor MN2 is turned on, and the voltage at the node 
A2 becomes equal Lo or lower than the threshold voltage at the 
turn-on of the NMOS transistor NM2 . Then, the NMOS transistor 
MN3 is turned off when the voltage at the node A2 becomes equal 
to or lower than the threshold voltage, and charging of the node 
A3 by the constant current outputted from the PMOS transistor MP3 
is started. 

During a period from t2 to t3, the node A3 is charged by the 
constant current outputted from the PMOS transistor MP3 
continuously from the previous period (tl to t2) . Since, at time 
t2 that is the starting point of this period, the voltage at the 
node A3 exceeds the threshold voltage of the NMOS transistor MN1, 
the NMOS transistor MNl is turned on, and the node Al becomes 
equal to or lower than the threshold voltage at the turn-on of 
the NMOS transistor MNl. When the voltage at the node Al becomes 
equal to or lower than the threshold voltage, the NMOS transistor 
MN2 is turned off, and charging of the node A2 by the constant 
current outputted from the PMOS transistor MP2 is started. 

During a period from t3 to t4, the node A2 is charged by the 
constant current outputted from the PMOS transistor MP2 
continuously from the previous period (t2 :to t3) . since, at time 
t3 that is the starting point of this period, the voltage at the 
node A2 exceeds the threshold voltage of the NMOS transistor MN3, 
the NMOS transistor MN3 is turned on, and the voltage at the node 
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A3 becomes equal to or lower than the threshold voltage at the 
turn-on of the NMOS transistor MN3 . When the voltage at the node 
A3 becomes equal to or lower than the threshold voltage, the NMOS 
transistor MN1 is turned off/ and charging of the node Al by the 
constant current outputted from the PMOS transistor MP1 is 
started. 

Thereafter, by repeating the operation performed from tl to 
t4, the oscillation circuit according to the first embodiment 
oscillates at a cycle T. 

Accordingly, the oscillation cycle T is the total of the 
periods until the voltages at the respective nodes Al, A2, and A3 
are charged up to the threshold voltage of the NMOS transistors 
MN1, MN2, and MN3 by the constant current that is outputted from 
the PMOS transistors MPl, MP2, and MP 3 according to the voltage 
inputted to the current control terminal 2. 

Accordingly, in a series of oscillation operations described 
above, the voltage supplied from the current control terminal 2 
is changed to change the constant current outputted from the PMOS 
transistors MPl, MP2, and MP3, thereby changing the lengths of 
the respective periods until the voltages at the nodes Al, A2, 
and A3 are charged up to the threshold voltage of the NMOS 
transistor MN1, MN2, and MN3, and thus the oscillation cycle T 
can be changed. 

In figure 2, "V" indicates a charging target voltage to be 
attained by charging with the constant current supplied from the 



26 



PMOS transistors MP1, MP2, and MP3, and the charging target 
voltage V is restricted to a voltage which is lower than the 
power supply voltage by the threshold voltage Vt of the NMOS 
transistors MN4, MN5, and MN6, by the NMOS transistors MN4, MN5, 
and MN6 which are restriction elements to which the power supply 
voltage is input at their gates. Since the voltage that is lower 
than the power supply voltage by the threshold voltage Vt is a 
constant voltage, the charging target voltage V restricted to 
this voltage becomes a constant voltage independent of the 
oscillation cycle T whether the oscillation cycle T is long or 
short . 

While the above description is given of the ideal state 
where the transition time required for the voltages at the 
respective nodes Al, A2, and A3 to change from the charging 
target voltage v to the threshold voltage is zero. However, 
actually the transition time is not zero but is as shown in 
figure 3. Figure 3 is a diagram showing the operation timing 
chart of the node A3 when considering the transition time during 
which the voltages at the respective nodes Al, A2, and A3 change 
from the charging target voltage V to the threshold voltage. In 
figure 3, "AT" is the time required for the voltage at the node 
A3 to change from the charging target voltage V to the threshold 
voltage of the NMOS transistor MN1 . That is, in the ideal state 
where the transition time is zero as shown in figure 2, the 
voltage of the node A3 becomes equal to or lower than the 
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threshold voltage simultaneously with the turn-on of the NMOS 
transistor MN3 at time t3, and charging of the node Al is started 
at time t3 by the constant current outputted from the PMOS 
transistor MPl. However, actually, as shown in figure 3, the 
NMOS transistor MN3 is turned on at time t3 and, after the 
transition time AT in which the voltage of the node A3 changes 
to the threshold voltage of the NMOS transistor MN1 has passed, 
charging of the node Al is started at time t3' by the constant 
current outputted from the PMOS transistor MPl. 

Therefore, the actual oscillation cycle T 1 is expressed by 
T 1 « (period from tl to t2 + AT) + (period from t2 to t3 + AT) + 
(period from t3 to t4 + AT) 

In contrast to the ideal oscillation cycle T obtained 
without considering the transition time AT during which the 
respective nodes Al to A3 change from the charging target voltage 
V to the threshold voltage, the actual oscillation cycle T* is 

T 1 = T + 3 * AT 

In the conventional oscillation circuit, since the charging 
target voltage v changes depending on the oscillation cycle, the 
transition time AT also changes depending on the oscillation 
cycle. However, in the oscillation circuit of the first 
embodiment, the charging target voltage v does not depend on the 
oscillation cycle but becomes a constant voltage that is lower 
than the power supply voltage by the threshold voltage Vt of the 
NMOS transistors MN4, MN5, and MN6, and therefore, the transition 
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time At also becomes constant. 

Accordingly, in this first embodiment/ even when the 
oscillation cycle is obtained considering the transition time AT, 
since the transition time AT is constant regardless of the 
oscillation cycle, the oscillation characteristics of the 
oscillation circuit of the first embodiment considering the 
transition time AT are not degraded in contrast to the 
oscillat ion characteristics of the conventional circuit shown in 
figure 17 in which the linearity of the oscillation frequency 
against the constant current is degraded- That is, in this first 
embodiment, the linearity of the oscillation frequency against 
the constant current can be maintained as shown in figure 4. 

As described above, according to the first embodiment, since 
the NMOS transistors MN4, MN5, and MN6 whose gate inputs are 
fixed to the power supply are inserted at the nodes Al, A2, and 
A3 connecting the PMOS transistors MP1, MP2, and MP 3 as constant 
current supplies of the oscillation circuit and the NMOS 
transistors MN1, MN2, and MN3 as switching elements, respectively, 
the charging target voltage V of the nodes Al, A2, and A3 can be 
made constant regardless of the oscillation cycle T by 
restricting the possible upper-limit voltage of the nodes Al, A2, 
and A3 to a voltage that is lower than the power supply voltage 
by the threshold voltage Vt of the NMOS transistors MN4, MN5, and 
MN6 „ Therefore, the transition time AT during which the 
voltages at the node Al, A2, and A3 change from the charging 
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target voltage V to the threshold voltage of the NMOS transistors 
MN1, MN2, and MN3 can be made constant- As a result, the 
linearity of the oscillation frequency to the constant current 
outputted from the PMOS transistors MP1, MP2, and MP3 as constant 
current supplies can be improved. 

While in this first embodiment the gate inputs of the NMOS 
transistors MN4, MN5, and MN6 are the power supply voltage, the 
gate inputs may be an arbitrary constant voltage. In this case, 
the possible upper-limit voltage at the nodes Al, A2, and A3 is 
restricted to a voltage that is lower than the arbitrary constant 
voltage by the threshold voltage Tv of the NMOS transistors MN4, 
MN5, and MN6 . 

Further, in this first embodiment, the restriction elements 
for restricting the charging target voltage V of the respective 
nodes Al, A2, and A3 so as to be constant regardless of the 
oscillation cycle of the oscillation circuit are the NMOS 
transistors MN4, MN5, and MN6 whose gate inputs are the power 
supply voltage or an arbitrary constant voltage, the restriction 
elements are not limited to the NMOS transistors. Any element 
may be used as long as it can restrict the charging target 
voltage V of the nodes Al, A2, and A3 to a constant value 
regardless of the oscillation frequency of the oscillation 
circuit. For example, resistors or diodes may be employed . 
Figures 5 and 6 are diagrams illustrating other constructions of 
oscillation circuits according to the first embodiment. As the 
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restriction elements for restricting the charging target voltage 
V of the respective nodes Al, A2, and A3, resistors Rl to R3 are 
provided in figure 5 while diodes Dl to D3 are provided in figure 
6, at the drain sides of the PMOS transistors MP1, MP2, and MP 3 
as the constant current supply, respectively. The operations of 
the oscillation circuits shown in figures 5 and 6 are identical 
to that of the oscillation circuit shown in figure 1, and 
therefore, repeated description is not necessary. 
[Embodiment 2] 

Hereinafter, a second embodiment of the present invention 
will be described with reference to figures 7 to 9. 

In the oscillation circuit according to the first embodiment, 
the constant current supply for outputtlng the constant current 
according to the voltage supplied from the control current 
terminal comprises the PMOS transistors MP1, MP2 , and MP3, and 
the constant current is changed to change the length of the 
period during which the switching element comprising the NMOS 
transistors MN1, MN2, and MN3 is charged up to the threshold 
voltage, thereby changing the oscillation cycle T of the 
oscillation circuit. In the oscillation circuit according to 
this second embodiment, however, the constant current supply 
comprises MNOS transistors while the switching element comprises 
PMOS transistors, and the magnitude of the constant current 
outputted from the constant current supplies is changed to change 
the length of a period during which the switching elements are 
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discharged to a threshold voltage, thereby changing the 

i 

oscillation cycle T of the oscillation circuit. 

Initially, the construction of the oscillation circuit 
according to the second embodiment will be described with 
reference to figure 7. 

As shown in figure 7, the oscillation circuit of the second 
embodiment is constituted by the constant current supplies 
comprising NMOS transistors that are controlled by a voltage 
inputted to the current control terminal 2, and switching 
elements comprising PMOS transistors that are discharged by a 
constant current outputted from the constant current supplies, 
and are turned on when exceeding a threshold voltage, and the 
length of a period during which the switching elements are 
discharged to the threshold voltage is changed by changing the 
voltage supplied from the current control terminal 2, thereby 
changing the oscillation cycle T of the oscillation circuit. In 
this second embodiment, restriction elements for restricting the 
discharging target voltage based on the constant current 
outputted from the constant current supply to a constant value 
regardless of the oscillation cycle are provided between the 
constant current supplies and the switching elements. 

Hereinafter, the construction of the oscillation circuit 
will be described in detail. In the oscillation circuit of this 
second embodiment, the drain of the NMOS transistor MNl which is 
a constant current supply having the current control terminal 2 
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as its gate input and the GND as its soured input is connected to 
the drain of the PMOS transistor MP 4 as a iestriction element, 
the gate input of the PMOS transistor MP 4 is connected to the GND, 
the source of the PMOS transistor MP4 and the drain of the PMOS 
transistor MP1 as a switching element are connected at a node Al, 
and the source of the PMOS transistor MP1 is connected to the 
power supply, thereby constituting a first delay circuit having 
the gate input of the PMOS transistor MP1 as its input and the 

i 

node Al as its output. Likewise, the NMOS transistor MN2 that is 
a constant current supply having the current control terminal 2 
as its gate input and the power supply as its source input, the 
PMOS transistor MP 2 as a switching element, and the PMOS 
transistor MP 5 as a restriction circuit for restricting the 
discharging target voltage based on the constant current 
outputted from the constant current supply, are connected, 
thereby constituting a second delay circuit having the gate input 
of the PMOS transistor MP2 as its input and the node A2 
connecting the source of the PMOS transistor MPS and the drain of 
the PMOS transistor MP 2 as its output. Further, the NMOS 
transistor MN3 as a constant current supply, the PMOS transistor 
MP 6 as a restriction element, and the PMOS transistor MP 3 as a 
switching element are connected in like manner, thereby 
constituting a third delay circuit having the gate input of the 
NMOS transistor MN3 as its input, and the node A3 connecting the 
source of the NMOS transistor MN6 and the drain of the NMOS 
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i 

transistor MN3 as its output. 

Then, the first to third delay circuits are cascade- 
connected so that the output Al of the first delay circuit is 
connected to the input of the second delay circuit, the output A2 
of the second delay circuit is connected to the input of the 
third delay circuit, and the output A3 of the third delay circuit 
is connected to the input of the first delay circuit. 

Hereinafter, the operation of the oscillation circuit 
constructed as described above will be described with reference 

i 

to timing charts shown in figure 8, Figure 8 shows operation 
timing charts at the nodes Al, A2, and A3 of the oscillation 
circuit according to the first embodiment. 5 In figure 2, 
alternate long and short dashed lines indicate the threshold 
voltage of the PMOS transistors MPl, MP2, and MP3 . 

Initially, the NMOS transistors MN1, MN2, and MP 3 as 
constant current supplies pass a constant current according to 
the voltage supplied from the current control terminal 2. In the 
following description, for simplification, it is assumed that the 
oscillation circuit is in its ideal state where the time required 
for the voltages at the respective nodes Al, A2, and A3 to change 
to the threshold voltage of the PMOS transistors MPl, MP2, and 
MP3 after the PMOS transistors MPl, NP2, and NP3 as switching 
elements are turned on. 

As shown in figure 8, since, at time tl, the voltage at the 
node Al becomes equal to or lower than the threshold voltage of 



the PMOS transistor MP2, the PMOS transistor MP2 is turned on, 
and the voltage of the node A2 becomes equ&l to or larger than 

the threshold voltage at the turn-on of the PMOS transistor MP2 . 

] 

Then, the PMOS transistor MP3 is turned oft when the voltage of 

the node A2 becomes equal to or larger thah the threshold voltage, 

i 

and discharging of the node A3 is started by the constant current 
outputted from the NMOS transistor MN3. 

During a period from t2 to t3, the node A3 is discharged by 

: 

the constant current outputted from the NMOS transistor MN3 

continuously from the previous period (tl to t2) . Since, at time 

I 

t2 that is the starting point of this period, the voltage aL the 
node A3 becomes equal to or lower than the threshold voltage of 
the PMOS transistor MPi, the PMOS transistor MP1 is turned on, 
and the node Al becomes equal to or larger than the threshold 

i 

voltage at the turn-on of the PMOS transistor MPI. Then, the 
PMOS transistor MP 2 is turned off when th4 voltage of the node Al 
becomes equal to or larger than the threshold voltage, and 
discharging of the node A2 is started by the constant current 
outputted from the NMOS transistor MN2. 

During a period from t3 to t4, the node A2 is discharged by 
the constant current outputted from the NMOS transistor MN2 
continuously from the previous period (t2 to t3) . Since, at time 
t3 that is the starting point of this period, the voltage of the 
node A2 becomes equal to or lower than the threshold voltage of 
the PMOS transistor MP3, the PMOS transistor MP3 is turned on, 



and the PMOS transistor MP1 is turned off whp.n the voltage of the 

node A3 becomes equal to or larger than thie threshold voltage, 

j 

and discharging of the node Al is started by the constant current 
outputted from the NMOS transistor MN1 . 

i 

Thereafter, by repeating the operation from tl to t4, the 
oscillation circuit according to the seconjd embodiment oscillates 
at a cycle T. 

Accordingly, the oscillation cycle T is the total of the 
periods required until the voltages at the respective nodes Al, 
A2, and A3 are discharged to the threshold voltage of the PMOS 
transistors MP1, MP2, and MP3 by the constant current that is 
outputted from the NMOS transistors MN1, MN2, and MN3 according 
to the voltage inputted to the current control terminal 2. 

Accordingly, in a series of oscillation operations described 
above, the voltage supplied from the current control terminal 2 
is changed to change the constant current ' outputted from the NMOS 
transistors MNl, MN2 , and MN3, thereby changing the lengths of 
the respective periods required until the voltages at the nodes 
Al, A2, and A3 are discharged from the power supply voltage to 
the threshold voltage of the PMOS transistors MP1, MP2, and MP3, 
and thus the oscillation cycle T can be changed. 

In figure 8, "V" indicates a discharging target voltage to 
be attained by discharging with the constant current outputted 
from the NMOS transistors MNl, MN2, and MN3, and the discharging 
target voltage V is restricted to a voltage which is higher than 



36 



the GND voltage by the threshold voltage Vt of the PMOS 
transistors MP4, MP5, and MP6, by the PMOS transistors MP4, MPS, 
and MP6 to which the GND voltage is input at their gates. Since 
the voltage that is higher than the GND voltage by the threshold 
voltage Vt is a constant voltage, the discharging target voltage 
V restricted to this voltage is a constant voltage that is 
independent of the oscillation cycle T whether the oscillation 
cycle T is long or short. 

While the above description is given of the ideal state 
where the transition times required for the voltages at the. 
respective nodes Al, A2, and A3 to change from the discharging 
target voltage V to the threshold voltage is zero. However, the 
transition time is actually not zero but is as shown in figure 9. 
Figure 9 is a diagram showing the operation timing chart of the 
node A3 when considering the transition time during which the 
voltages of the respective nodes Al, A2, and A3 change from the 
discharging target voltage v to the threshold voltage. In figure 
9, "AT" is the time required for the voltage at the node A3 to 
change from the discharging target voltage V to the threshold 
voltage of the PMOS transistor MPl . That is, in the ideal state 
where the transition time is zero as showri. in figure 7, the 
voltage of the node A3 becomes equal to or higher than the 
threshold voltage simultaneously with the turn-on of the PMOS 
transistor MP 3 at time t3, and discharging of the node Al is 
started at time t3 by the constant current outputted from the 
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NMOS transistor MNl . However, actually, as shown in figure 9, 
the PMOS transistor MP3 is turned on at time t3, and after the 
transition time AT during which the voltage of the node A3 
changes to the threshold voltage of the PMOS transistor MPl has 
passed, discharging of the node Al is started at time t3' by the 
constant current outputted from the NMOS transistor MNl . 

Therefore, the actual oscillation cycle T f is expressed by 
T ' = (period from tl to t2 + AT) + (period from t2 to t3 + AT) + 
(period from t3 to t4 + At) 

In contrast to the ideal oscillation cycle T obtained 

without considering the transition time AT during which the 
respective nodes Al to A3 change from the discharging target 
voltage V to the threshold voltage, the actual oscillation cycle 
T' is 

T r = T + 3 * AT 

In the conventional oscillation circuit, since the charging 
target voltage V changes depending on the oscillation cycle, the 
transition time AT also changes depending on the oscillation 
cycle. However, in the oscillation circuit of the second 
embodiment, the discharging target voltage v does not depend on 
the oscillation cycle T but becomes a constant voltage that is 
higher than the GND by the threshold voltage Vt of the PMOS 
transistors MP4 , MP5, and MP 6 than the GND voltage, and therefore, 
the transition time AT also becomes constant. 

Since the discharging target voltage V varies depending on 
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the oscillation cycle T in the conventional oscillation circuit/ 

i 

and the transition time AT also varies depending on the 

oscillation cycle T. In this second embodiment/ however, since 

! 

the discharging target voltage V is a constant voltage regardless 

i 

of the oscillation cycle T, the transition 1 time AT also becomes 
constant. 

Accordingly, in this second embodiment, even when the 
oscillation cycle is obtained considering the transition time AT, 
since the transition time AT is constant regardless of the 
oscillation cycle, the oscillation characteristics of the 
oscillation circuit of this second embodiment considering the 
transition time At are not degraded in contrast to the 
oscillation characteristics of the conventional circuit shown in 
figure 17 in which the linearity of the oscillation frequency 
against the constant current is degraded. : That is, in this 
second embodiment, the linearity of the oscillation frequency 
against the constant current can be maintained. 

As described above, according to the second embodiment, 
since the PMOS transistors MP4, MP5, and MP6 whose gate inputs 
are fixed to the GND are inserted to the nodes Al, A2, and A3 
connecting the NMOS transistors MN1, MN2, and MN3 as constant 
current supplies of the oscillation circuit and the PMOS 
transistors MP1, MP2, and MP 3 as a switching element, 
respectively, the discharging target voltage V of the nodes Al, 
A2, and A3 can be made constant regardless of the oscillation 



39 



cycle T by restricting the possible upper-limit voltage of the 
nodes Al, A2, and A3 to a voltage that is higher than the GND by 
the threshold voltage Vt of the PMOS transistors MP4 , MPS, and 
MP6. Therefore, the transiLion Unit? AT in which the voltages of 
the nodes Al , A2, and A3 change from the discharging target 
voltage V to the threshold voltage of the PMOS transistor MPl, 
MP2, and MP3 can be made constant. As a result, the linearity of 
the oscillation frequency against the constant current outputted 
from the NMOS transistors MN1, MN2, and MN3 as the constant 
current supply can be improved. 

While in this second embodiment the gate inputs of the PMOS 
transistors MP4, MPS, and MP6 are the GND, the gate inputs may be 
an arbitrary constant voltage. in this case, the possible lower- 
limit voltage of the nodes Al, A2, and A3 is restricted to a 
voltage that is higher than the arbitrary constant voltage by the 
threshold voltage Vt of the PMOS transistors MP 4, MP5, and MP6 . 

Further, in this second embodiment, the restriction elements 
for restricting the discharging target voltage V of the 
respective nodes Al, A2, and A3 so as to be a constant value 
regardless of the oscillation cycle o£ the oscillation circuit 
are the PMOS transistors MP4, MP5, and MP6 whose gate inputs are 
the GND or an arbitrary constant voltage, the restriction 
elements are not limited to the PMOS transistors, and any element 
may be used as long as the discharging target voltage V of the 
nodes Al, A2, and A3 is restricted to a constant value regardless 
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of the oscillation frequency of the oscillation circuit. For 
example, resistors or diodes may be employed. 
[Embodiment 3] 

Hereinafter, a third embodiment of the present invention 
will be described with reference to figures 10 and 11. 

in the oscillation circuit according to the first embodiment, 

the constant current supply for output ting.' the constant current 

i 

according to the voltage supplied from the j control current 
terminal is composed of the PMOS transistors MP1, MP2, and MP3, 

and the magnitude of the constant current is changed to change 

i 

the length of the period during which the switching element 
comprising the NMOS transistors MN1, MN2, jmd MN3 is charged up 
to the threshold voltage, thereby changing' the oscillation cycle 
T of the oscillation circuit. In this third embodiment, however, 
the constant current supply comprises PMOS ; transistors while the 

i 

switching element comprises differential circuit including NMOS 
transistors. 

Initially, the construction of the oscillation circuit 
according to the third embodiment will be described with 
reference to figure 10. 

As shown in figure 10, the oscillation circuit of this third 
embodiment comprises a constant current supply comprising PMOS 
transistors that are controlled by a voltage supplied from the 
current control terminal 2, and a switching element comprising 
differential circuits including NMOS transistors that are charged 
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by the constant current supplied from the constant current supply 
and are turned on when exceeding a threshold voltage. The length 
of a period during which the switching clement is charged up to 
the threshold voltage is changed by changing the voltage supplied 
from the current control terminal 2, thereby changing the 
oscillation cycle of the oscillation circuit. A restriction 
element for restricting the charging target voltage by the 
constant current outputted from the constant cuirenL supply so as 
to be constant regardless of the oscillation cycle is provided 
between the constant current supply and the switching element. 

Hereinafter, the construction of the oscillation circuit 
will be described in detail. In the oscillation circuit 
according to the third embodiment, between the PMOS transistor 
MP1 and the PMOS transistor MP2 each being a constant current 
supply having the current control terminal 2 as its gate input 
and the power supply as its source input, the drain of the PMOS 
transistor MP1 is connected to the drain of the NM03 transistor 
MN13 as a restriction element, the drain of the PMOS transistor 
MP2 is connected to the drain of the NMOS transistor MN14 as a 
restriction element, the gate inputs of the NMOS transistor MN13 
and the NMOS transistor MN14 are connected to the power supply, 
the source of the NMOS transistor MN13 and the drains of the NMOS 
transistor MNl and the NMOS transistor MN2are connected at the 
node Al, the source of the NMOS transistor MNl 4 and the drains of 
the NMOS transistor MN4 and the NMOS transistor MN3 which are 
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switching elements are connected at the node A2, and Lhe sources 
of the NMOS transistors MNJ , MN2, MN3 , and MN4 are connected to 
the GND, thereby constituting a first delay circuit having the 
gate input of the NMOS transistor MNl as its positive side input 
the gate input of the NMOS transistor MN4 as its negative side 
input, the node Al as its negative side output, and the node A2 
as its positive side output. Likewise, the PMOS transistors MP3 
and MP4 each being a constant current supply having the current 
control terminal 2 as its gate input and the power supply as its 
source input, the NMOS transistors MN5, MN6, MN7, and MN8 having 
the construction of a differential circuit as a switching element, 
and the NMOS transistors MNl 5 and MNl 6 which are restriction 
elements for restricting the charging target voltage by the 
constant current outputted from the constant current supply, 
thereby constitutiny a second delay circuit having the gate input 
of the NMOS transistor MN5 as its positive side input, the gate 
input of the NMOS transistor MN8 as its negative side input, the 
node A3 as its negative side output, and the node A4 as its 
positive side output. Furthermore, the PMOS transistors MP 5 and 
MP6 as constant current supplies, the NMOS transistors MN17 and 
MN18 as restriction elements, and the NMOS transistors MN9-MN12 
as switching elements are connected, thereby constituting a third 
delay circuit having the gate input of the NMOS transistor MN9 as 
its positive side input, the gate input of .the NMOS transistor 
MN12 as its negative side input, the node A5 as its negative side 
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output, and the node A 6 as its positive side output. . 

The first to third delay circuits are cascade-connected such 
that the negative side output Al of the first delay circuit is 
connected to the positive side input of the second delay circuit, 
the positive side output A2 of the first delay circuit is 
connected to the negative side input of the second delay circuit, 
the negative side output A3 of the second delay circuit is 
connected to the positive side input of the third delay circuit, 
the positive side output A4 of the second delay circuit is 
connected to the negative side input of the third delay circuit, 
the negative side output A5 of the third delay circuit is 
connected to the positive side input of the first delay circuit, 
and the positive side output A6 of the third delay circuit is 
connected to the negative side input of the first delay circuit. 

The operation of the oscillation cirbuit according to the 
third embodiment constructed as described above will be described 
with reference to timing charts of figure 11. Figure 11 shows 
operation timing charts at the nodes Al, A2, A3, A4, A5, and A6 
in the oscillation circuit of the third embodiment. In figure 11, 
the alternate long and short dashed line indicates the threshold 
voltage of the NMOS transistors MN1, MN2, MN3, MN4, MN5, MN6, MN7, 
MN8, MN9, MN10, MN11, and MN12 . 

Initially, the PMOS transistors MP1, MP2, MP3, MP4, MP5, and 
HP 6 as a constant current supply pass a constant current 
according to the voltage supplied from the current control 



terminal 2. In the following simplification, for simplification, 
it is assumed that the oscillation circuit is in its ideal state 
where the time required for the voltages of the respective nodes 
Al, A2, A3, A4, A5, and A6 to change to the threshold voltage of 
the NMOS transistors MN1, MN2, MN3, MN4 , MNb, MW6, MN7, MN8, MN9, 
MN10, MNll, and MN12 after the respective NMOS transistors are 
turned on. 

As shown in figure 11, at time tl, the voltage at the node 
Al exceeds the threshold voltage of the NMOS transistor MN5, and 
the NMOS transistor MN5 is turned on, and the voltage at the node 
A3 becomes equal to or lower than the threshold voltage at the 
turn-on of the NMOS transistor NM5 . Then, the NMOS transistor 
MN9 is turned off when the voltage at the node A3 becomes equal 
to or lower than the threshold voltage, and charging of the node 
A5 is started by the constant current outputted from the PMOS 
transistor MPS. 

During a period from t2 to t3, the node AS is charged by the 
constant current outputted from the PMOS transistor MP 5 
continuously from the previous period (tl to t2) . since, at time 
t2 that is the starting point of this period, the voltage at the 
node AS exceeds the threshold voltage of the NMOS transistor MNl, 
the NMOS transistor MNl is turned on, and the node Al becomes 
equal to or lower than the threshold voltage at the turn-on of 
the NMOS transistor MNl. When the voltage : at the node Al becomes 
equal to or lower than the threshold voltage, the NMOS transistor 
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MN5 is turned off, and charging of the node A3 by the constant 
current outputted from the PMOS transistor MP 2 is started. 

During a period from t3 to t4, Lhe node A3 is charged by the 
constant current outputted from the PMOS transistor MP3 
continuously from the previous period (t2 to t3) . Since, at time 
t3 that is the starting point of this period, the voltage at the 
node A3 exceeds the threshold voltage of the NMOS transistor MN9, 
the NMOS transistor MN9 i s turned on, and the voltage at the node 
A5 becomes equal to or lower than the threshold voltage at the 
turn-on of the NMOS transistor MN9 . When the voltage at the node 
A5 becomes equal to or lower than the threshold voltage, the NMOS 
transistor MN1 is turned off, and charging of the node Al is 
started by the constant current outputted from the PMOS 
transistor MPl . 

Further, since the voltage at the node A6 exceeds the 
threshold voltage at time tl, the NMOS transistor MN4 is turned 
on, and the voltage at the node A2 becomes equal to or lower than 
the threshold voltage at the turn-on of the NMOS . transistor MN4 . 
The NMOS transistor MN4 is turned off when the voltage at the 
node A2 becomes equal to or lower than the threshold voltage, and 
charging of the node A4 by the constant current outputted from 
the PMOS transistor MP 4 is started. 

During the period from t2 to t3, the node A4 is charged by 
the constant current outputted from the PMOS transistor MP4 
continuously from the previous period (tl to t2) . since, at time 
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t2 that is the starting point of this period, the voltage at the 
node A4 exceeds the threshold voltage of the NMOS transistor MN12, 
the NMOS transistor MN1 7. is turned on, and the node A6 becomes 
equal to or lower than the threshold voltage at the turn-on of 
the NMOS transistor MN12. When the voltage at the node A6 
becomes equal to or lower than the threshold voltage, the NMOS 
transistor MN4 is turned off, and charging of the node A2 by the 
constant current outputted from the PMOS transistot MP 2 is 
started. 

During the period from t3 to t4, the node A2 is charged by 
the constant current outputted from the PMOS transistor MP2 
continuously from the previous period (t2 to t3) . since, at time 
t3 that is the starting point of this period, the voltage at the 
node A2 exceeds the threshold voltage of the NMOS transistor MN8, 
the NMOS transistor MNG is turned on, and the NMOS transistor 
MN12 is turned off when the voltage at the node A4 becomes equal 
to or lower than the threshold voltage, and then charging of the 
node A6 is started by the constant current outputted from the 
PMOS transistor MP6. 

When the voltages at the nodes which are input to the gates 
of the NMOS transistors MN2, MN3, MN6, MN7, MN10, and MN11 exceed 
the threshold voltage, the voltages aL the nodes to which the 
drains of these NMOS transistors are connected become equal to or 
lower than the threshold voltage. 

By repeating the operation from time tl to time t4, the 
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oscillation circuit according to the third embodiment oscillates 
at a cycle T. 

Accordingly, the oscillation cycle T is the total of the 
periods required until the voltages at the respective nodes Al, 
A2, A3, A4, A5, and A6 are charged up to the threshold voltage of 
the NMOS transistors MN1 , MN2, MN3, MN4, MNb, MN6, MN7, MN8, MN9, 
MN10, MN11, and MN12 by the constant current that is outputted 
from the PMOS transistors MPl, MP2, MP 3, MP4, MPS, and MP6 
according to the voltage inputted to the current control terminal 
2. 

Accordingly, in a series of oscillation operations described 
above, the voltage supplied from the current control terminal 2 
is changed to change the constant current to be outputted from 
the PMOS transistors MPl, MP2, MP3, MP4, MP5, and MP6, thereby 
changing the lengths of the respective periods required until the 
voltages at the nodes Al, A2, A3, A4, A5, and A6 are charged up 
to the threshold voltage of the NMOS transistor MN1, MN2, MN3, 
MN4, MN5, MN6, MN7, MNB, MN9, MN10, MN11, and MN12, and thus the 
oscillation cycle T can be changed. 

In figure 11, "V" indicates a charging target voltage to be 
attained by charging with the constant current outputted from the 
PMOS transistors MPl, MP2 , MP3, MP4, MP5, and MP6, and the 
charging target voltage V is restricted to a voltage that is 
lower than the power supply voltage by the threshold voltage Vt 
of the NMOS transistors MN13, MN14, MN15, MN16, MN17, and MN18, 
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by these NMOS transistors that are restriction elements to which 
the power supply voltage is input at their gates. Since the 
voltage that is lower than the power supply voltage by the 
threshold voltage Vt is a constant voltage, the charging target 
voltage V restricted to this voltage is a constant voltage that 
is independent of the oscillation cycle T whether the oscillation 
cycle T is long or short. 

While the above description is given of the ideal state 
where the transition time required for each of the voltages of 
the respective nodes Al, A2, A3, A4, A5, and A6 to change from 
the charging target voltage V to the threshold voltage is zero. 
However/ the transition time is actually not zero. Accordingly, 
in contrast to the ideal oscillation cycle T that is obtained 
without considering the transition time AT in which the 
respective nodes Al to A3 change from the charging target voltage 
V to the threshold voltage, the actual oscillation cycle T ' is 
expressed by 

T 1 = T + 3 * AT 
In the conventional oscillation circuit, since the charging 
target voltage V changes depending on the oscillation cycle, the 
transition time AT also changes depending on the oscillation 
cycle. However, in this third embodiment, however, the charging 
target voltage V does not depend on the oscillation cycle but 
becomes a constant voltage that is lower than the power supply 
voltage by the threshold voltage Vt of the NMOS transistors MN13, 
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MN14, MN15, MN16, MN17, and MN18, and therefore, the Lransition 
time AT also becomes constant. 

AccordingJy, i. n this third embodiment, even when the 
oscillation cycle is obtained considering the transition time At, 
since the transition time AT is constant regardless of the 
oscillaiion cycle, the oscillation characteristic of the 
oscillation circuit of the third embodiment considering the 
transition time At is not degraded in contrast to the 
oscillation characteristic of the conventional circuit shown in 
figure 17 in which the linearity of the oscillation frequency 
against the constant current is degraded. That is, in this third 
embodiment, the linearity of the oscillation frequency against 
the constant current can be maintained as shown in figure 4. 

As described above, according to the third embodiment of the 
invention, since the NMOS transistors MN13, MN14, MN15, MN16, 
MN17, and MN18 whose gate inputs are fixed to the power supply 
are inserted to the nodes Al, A2, A3, A4, AS, and A6 connecting 
the PMOS transistors MP1, MP2, MP3, MP4, MPS, and MP6 as the 
constant current supplies of the oscillation circuit and the NMOS 
transistors MN1, MN2, MN3, MN4, MN5, MN6, MN7, MN8, MN9, MN10, 
MN11, andMN12 as the switching elements, respectively, the 
Charging target voltage V of the nodes Al, A2, .A3, A4, A5, and A6 
can be made constant regardless of the oscillation cycle T by 
restricting the possible upper-limit voltage of the nodes Al, A2, 
A3, A4, A5, and A6 to a voltage that is lower than the power 
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supply voltage by the threshold voltage vt of the NMOS 
transistors MN13, MN14, MN3 5, MN16, MN17, and MN18. Therefore, 
the transition time AT in which the volLage at each of the node 
Al, A2, A3, A4, A5, and A6 changes from the charging target 
voltage V Lo the threshold voltage of the NMOS transistor MN13, 
MN14, MN15, MN16, MN17, and MN18 can be made constant. As a 
result, the linearity of the oscillation frequency to the 
constant current outputted from the PMOS transistors MP1, MP'Z, 
MP3, MP4, MPS, and MP 6 as the constant current supplies can be 
improved . 

While in this third embodiment the gate inputs of the NMOS 
transistors MN13, MN14, MN15, MN16, MN17, and MN18 are the power 
supply voltage, the gate inputs may be an arbitrary constant 
voltage. In this case, the possible upper-limit voltage of the 
nodes Al, A2, A3, A4, A5, and A6 is restricted to a voltage that 
is lower than the arbitrary constant voltage by the threshold 
voltage Vt of the NMOS transistors MN13, MN14, MN15, MN16, MN17, 
and MN18 . 

Further, in this third embodiment, the restriction elements 
for restricting the charging target voltage V of the respective 
nodes Al, A2, A3, A4, A5, and A6 so as to be a constant value 
regardless of the oscillation cycle of the oscillation circuit 
are the NMOS transistors MN13, MN14, MN15, MN16, MN17, and MN18' 
whose gate inputs are the power supply voltage or the arbitrary 
constant voltage, the restriction elements are not limited to the 



above-mentioned NMOS transistors. Any clement may be used as 
long as it can restrict the charging target voltage V of the 
nodes Al, A2, A3, A4, A5, and A6 to a constant value regardless 
of the oscillation frequency of the oscillation circuit. For 
example, resistors or diodes may be employed. 

Furthermore, while in the first to third embodiments, an 
oscillation circuit in which three stages of delay circuits are 
cascade-connected is taken as an example, an oscillation circuit 
in which N (N: integer equal to or larger than 2) stages of delay 
circuits is also in the scope of the present invention. 



